Introduction 38 39
As it is well-known, non-enzymatic browning, (Maillard reaction (MR), sugar 40 isomerization and sugar degradation such as caramelization) is perhaps the most complex 41 reaction in food chemistry due to the number of compounds able to participate through 42 different pathways giving rise to a complex mixture of products. MR takes place between free 43 amino groups from amino acids, peptides, or proteins and the carbonyl group of reducing 44 sugars during food processing and storage (Olano & Martínez-Castro, 2004) . When this 45 reaction is at the advanced stages, nutritional changes attributed to the participation of 46 essential amino acids such as lysine or reduction of protein digestibility can be produced 47 
Intermediate and advanced steps of Maillard reaction 157
The UV-absorbance and browning intensity of the aqueous solutions containing 158 glucose and lysine were measured spectrophotometrically at room temperature at 294 nm and 159 420 nm, respectively, using a microplate reader (Synergy-HT, BioTEK Instruments, 160
Winooski, VT). When necessary, appropriate dilutions were made in order to obtain an 161 absorbance of less than 1.5. The analyses were carried out in duplicate and average relative 162 standard deviation was minor to 10%. 163 compounds was approximately 4:1, respectively, indicating a higher reactivity of the -amino 208 group (Ames, 1992) . As no selective effect of US was observed for any of them, the sum of 209 both species was considered for quantitation as 2-FM-Lys. 210 Table 1 lists the content of 2-FM-Lys in model systems of Lys-Glc (pH 7) subjected to 211 US treatments at 50 and 70% of US wave amplitude and 25 and 40 °C and to conventional 212 treatments carried out at the same temperature. As expected, the formation of 2-FM-Lys was 213 higher at 40 than at 25 °C, since, as it is very well-known, MR widely depends on the reaction 214 temperature. 215
At 25 °C no significant (p>0.01) differences were detected in the level of 2-FM-Lys in 216 samples treated by US at 50% of wave amplitude and by conventional heating. However, 217 when the amplitude of US oscillation was increased at 70%, a significant (p<0.01) 218 acceleration of the initial steps of MR (at 30 min) was observed as compared to the other two 219 treatments at 25 °C (UST 50% and CT), to subsequently decrease the level of 2-FM-Lys after 220 60 min of heating. This could be ascribed to the fact that, at this value of US amplitude, the 221 intermediate and advanced stages could be also accelerated and the rate of Amadori 222 compound decomposition might be higher than that of its formation. 223
Regarding 40 °C, the initial point (0 time) presented a certain content of 2-FM-Lys, 224 since, as explained in Material and Methods, all samples (US and conventional treated) were 225 subjected to identical heating rate to achieve 40 °C. At 50% of US amplitude, no significant 226 differences were observed between US and conventional treated samples up to 30 min of 227 reaction. However, the level of 2-FM-Lys was significantly (p<0.01) higher at 50 and 70% of 
Effect of ultrasound on the formation and degradation of lactulose 247 248
The isomerization of lactose was followed by the formation of lactulose, epilactose 249 and galactose. The quantitative data corresponding to the effect of US and conventional heating on 253 lactose isomerization are presented in Table 2 . As observed, levels of lactose decreased with 254 increasing incubation time in samples subjected to both US and conventional heating 255 treatments. Moreover, in general, significantly (p<0.01) higher formation of lactulose was 256 found for lactose solutions at pH 10.6 (8 mM sodium hydroxide) as compared to the buffered 257 system at pH 10.0, probably due to the higher initial pH in the former since this reaction is 258 favoured with the increase of pH (Zokaee et al., 2002) . However, after 30 minutes of reaction, 259 isomerization in buffered system was intensified more than in system with NaOH most likely 260 due to better maintenance of basic pH (data not shown). Similarly to the results observed for 261 the effect on MR, an initial amount of lactulose, epilactose and galactose was detected at 0 262 time since all the treatments (US and conventional) had the same heating rate. should be also taken into account. Thus, US are well-known and efficient technology to 286 remove gas from solutions (Soria & Villamiel, 2010) , and, on the other hand, it has been 287 described that dissolved oxygen has a significant effect on the formation of lactulose and 288 furosine in heated milks since, during the early stages of the MR and lactose isomerization, in 289 presence of oxygen, the double bond of enediols may be cleaved to produce carboxylic acids. 290
This effect is more pronounced for lactulose formation since the enediol precursor of Amadori 291 compound is less oxygen-sensitive and, at prolonged times of heating when considerable 292 proportion of oxygen is consumed, small differences in the content of furosine can be found 293 The chemical effect should not be discarded in both reactions since during US 297 application in aqueous systems, water is cleaved into H and OH radicals, and with other 298 species present, various other radicals may be formed (Crum, 1995). As a consequence of this 299 mechanism more oxidation and lower 2-FM-Lys and lactulose could be expected in US 300 treated samples. However, according to the obtained data, the physical effect of mixing, 301 efficient heat/mass transfer and removal of oxygen could be the predominant mechanism. 302
Moreover, in the carbonate-bicarbonate buffer system used during lactose isomerization the 303 formed radicals during US application that might favour the oxidation of intermediate 304 Table 1 . Contents of 2-furoylmethyl-lysine (milligrams per g of lysine ± SD) obtained after acid hydrolysis of lysine-glucose model systems subjected to different ultrasound (UST) and conventional (CT) heating treatments at pH 7.0. Data correspond to the sum of -and -2-furoylmethyl-lysine. Table 2 . Degradation of lactose and formation of galactose, epilactose, and lactulose (average percentage of total carbohydrate content ± SD) during ultrasound (UST, 70% amplitude) and conventional (CT) heating treatments at 60 °C of 10% lactose solutions at pH 10.0 (buffer) and pH 10.6 (8 mM NaOH).
